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etober 2018

I have created about 20 slides, and I've given myself about 40 minutes to run through them
My purpose is to set the tone and historical touchstones for the two days that we will spend together.
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Timeline of Volkswagen Defeat
Davice inveshigation and
LHscovery

= 2012 ~ 20T s European office concerned with s
alevated real world NOx emissions from
passenger diesels in Burope.

= 213 ~1CCT contracts with Weat Virginia ®
University to conduct real world emissions
testing on three passenger disss! vehicles in
California. CARB provides in-kind support via
its tes! center in B Monte,

® May 2014 - 1CCT publishes its indings which ®
show two of the three cars with 5~ 35X times
the legal limil under normal driving conditions.
We inform EPA, CARE, and V.

= December 2014 — VW agrees to a voluntary
recall of passenger diesels. #
® May 2018 - CARD refests recailed vehizles »

and finds some improvement, bul not encugh.

= Juty-September 2015 ~ US EPA informs YW
that it will not be granted cense to sell 2018
vehicles in the US if the Agency's questions are
not addressed fully, VW admils o defeal
devices on September :‘» 2015,

® September 18, 2018 - US EPA, DOJ, and
CAREB announce a no iw ("Bf viclation ageinst  ®
W for using tlegel defeat devices.

= September 22, 2018 - VW announces that 11

mition dissel cars worlkdwide have the same

‘defeat device” software.

September 28, 2018 - US EPA and CARB =

issue updated requirements related to

avaluation of defeat devices

=
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LDDV NOx Standards in Europe  LDDV NOx B &7
are not as stringent as LDGYV LDGV 7P
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Again, I don’t know if you want to include this in the presentation or not. The point here is that its not just that diesels are
grossly exceeding the NOx standards in-use - they aren’'t even meeting less stringent NOx standards.
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ICCT s Diesel emissions ICCT B8 5 4

meta-study i
On-road Euro 6 conformity factors for EHRkem A EWmNAIREETF CGEENET
selected cars (US factors would be 2x) R2E)
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http://www.theicct.org/real-world-exhaust-emissions-modern-diesel-cars
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On-road emission behavior confirmead 135&@‘
by 13 yvears of Hemole Sensing data )
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Chen & Borken-Kleefeld, Real-driving emissions from cars and light Chen & Borken-Kleefeld, St BE R BRI B B E NS EREK — 13
commercial vehicles - Results from 13 years remote sensing at FAEFREEEBRENER Atmospheric Environment, 88:157-164
Zurich/CH Atmospheric Environment, 88:157-164 (May 2014) (5A 2014)

We report on long-term remote sensing measurements of light duty vehicle emissions at one site close to Zurich/Switzerland.
The time series of annual measurements at the same site between 2000 and 2012, the same season, and virtually the same
instrument is unique, probably worldwide. We analyze the development of unit exhaust emissions from model years 1985 until
2012, covering all five Euro emission limit stages in force. NOx emissions from both diesel cars and light commercial vehicles
have actually increased in real-driving over time although emission limits have been progressively tightened. This behavior is
explained mostly by a significant discrepancy between engine conditions during real-driving and the homologation test
procedure. This discrepancy is not important for the other pollutants or for gasoline light duty vehicles, for which the emission
control equipment is found working over a wide range of engine conditions. Our results confirm emission factors from the
latest HBEFA model when deterioration and engine load are accounted for.
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Reabworkd NQy Buro 8§ Dissel cars NOSUBREE. RRGESME CRHIATE)

are {on averags) worss than they

should have been 18 vears ago AR S R B B RO
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% R R (NOX) BERR (GE/F3K)

208
5]
2014
4) EENEE (Carslaw, 2011)/(1CCT, 2014
R 33k o

aazurend valie (Carsiaw, 2070/ (00T,

ED_006561_00000348-00007



From laboratory 1o road: PEMS
makes it possibie o acourately
measurs realoworld emissions
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ICCT PEMS Testing: ICCT PEMS jllit:
Test Vehicles IR
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This is an internal presentation. Vehicle makes will be hidden for RDE presentations.
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PEMS Testing Roules

PEMS Ml lBR £

Route 1 - Highway {Los Angeles
o COintarin, ©A)

Route 2 — Urban (Los Angeles) —
similar to original route used for
development of the LA-4 / FTP-
72 i
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Route description — Speed traces
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Route NOX emissions
(total distance/total NOX)

%

Lowest NO, during highway driving N

The BMW X5 had high NOx emissions only

during up/downhiil driving N
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FHGCO, R
Average 002 emissions [g/km}

Resulls - Routes COZ
CITHSSIONS
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Highway driving {i.e. Route 1) showed lowest CC, emissions / best fuel = K HICOZHERL S
SCONAMY .
Urban/suburban driving showed highest GO, emissions / lowest fusl " A B
SCOnomy .
A 31% increase in CC, shserved between non-nish-nour and rush-hour
highway diiving for Veafi!clae A ®
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Results — PN Emissions & iL— PN Emissions & DPF
DPE regeneration regeneration

10

oute 1: highwa; £ . 4 Y
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ox2exan Eyrg Skl PN Standard 1 . .

= PN increased by up to two orders of magnitude
during DPF regeneration events
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PN (particulate number) results are in upper left figure. The results are highly variable, influenced primarily by particulate filter
regeneration events.

This is illustrated in the bottom middle figure. The upper lines on this figure are the exhaust gas temperature (right axis). This
shows the expected increase in exhaust gas temperature increases during the regeneration event.

The bottom red line shows that PN emissions are low during normal operation. There is a huge increase in PN emissions
during the regeneration event (blue line spikes).

In fact, as shown on the figure on the bottom right, average PN emissions over the entire trip increase by up to 2 orders of
magnitude - without a DFP regeneration average trip PN is about an order of magnitude below the Euro5 PN standard, but
average PN emissions over the entire trip if a DFP regeneration occurs are about an order of magnitude higher than the Euro5

PN standard.
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Hageneration

Upd/Downhill NOx & PN Emissions —
impact of Particuiate Trap

distence

«  Comparison of tests with and without DPF
regeneration for WV Jetta, Routs 3 {up/downhilf)
= Continuious averaging window NO, emissions vs.

s Particle number concentrations and exhaust gas
temperatures (al exhaust fip} ve. distanca
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This is similar to the previous slide, except itis for vehicle A (Jetta) and it also shows the impact of the DFP regeneration event

on NOx emissions.

The top figure shows NOx emissions during two tests on the same route. The blue line shows that NOx emissions almost

double during the DPF regeneration event.

The bottom figure is similar to that for vehicle B (Jetta) on the previous slide. Top lines are exhaust temperature, bottom red
line shows low PN emissions when a DFP regeneration does not occur, and the blue spikes show the same massive increase in

PN during the PDF regeneration.
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Real-world CO,: the SEBR CO, HE: HEPK
increasing gap IR
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Real-world CO,: reasons  SEERCOHEF: BMEEN
for the gap R
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Regular government confirmatory

festing s invaluable

Vehicle emissions certificationftesting Wit CEE Al

it the B and US

FEERBNSE, RN RNREETRAER

EPA

B Mini Coopers after U.S. EPA test

- é Sahin BMW 1o fix fuel economy labels on

E S EPANIK FE 15 EEMini Cooperfifik &L T ERITRE
ZERBHIOTTTRIAL, BT
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HoOT s position brief on reducing ICOT SR/ e ERE R

real-world driving emissions

YW scandal is an opportunity 1o aot fast, close #
the "real-world gap” using readily available
policy slements:

ek H: ;{5 ’E~ §
,%@mﬁﬁﬁﬁ

M 077K
» fAccelerated {(2017) adopbion of WLTP by . iai;i:ﬁ 2017 mr B PR,
MEDC regions: Betier cycle + robust WM - AEHER - SEA
procedurs = mive realistic resuits in the ks i A
short term o REREMNE: C

»  Drefeat device soreening programs:
CARE and EFP&s program a useful template
for other world regions. ELU member stales s
urged o start soreening immaediately
« in-use compliance programs: Real world
testing programs can be bullt on the basis of
the Buropean RDE sxperisncs, but using
vehicles sourced from the real markst (no 0 et s fect
morg “godden cars™, and expanding the
tesling conditions to cover 8 wide range of
operating conditions
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List of publications #t

= Fact sheet: Light-duty diessl in-use tesis: o theioplorginewsfepas-notice:
viclation-clegr-air-actvolkewagen-oress-siatement

® ICCT Report: Realbworld axhaust emissions from modern digsel cars:
Rt A theicetorgfreal-world-exhaust-emissions-modem-dissel-cars

® WAL Report: In-use smissions testing of light-duly diesel vehicles in the U5,
hitoo vy heloctorg/use-emissions-lesting-iahb-duty-dissel-vehicles-us

= LS, BERPA notice of violation: hilnydieewned ena goviclag/ceriidocumenisirn-nioy-caa-
6

18-15.ndf

= ICCT Policy Briefing: Policy solutions to reduce vehicle exhaust emissions under
real-world driving conditions: hitp/Awww theicolorg/position-brief-oct201 S-poloy-
solutions-reabworld-emissions

® FAGH In-use NOx emissions from diesel passenger cars,
Bty theloch orafneweffag-use-nox-enissiong-dicsel-nassenger-cars

= ICOT Report: NOx control technologies for Euro 8 diesel passenger cars:
hipdhww thelcolorg/now-controlechnologles-euro-6-diesel-passsnger-cars

= Heal-world vehicle fuel economy gap continues 1o widen in Europe: _
hitp e thelent omnewsfreabworldwehicle-fusl-egonamy-gapnontinueswid
SUOpS-press-release
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Further questions? JLAk (A 8HG B &

+  Drew Kodjak, bExecutive Director, (Washington DC),
grew@theicctor

« John German, US program co-lead (Ann Arbor),
ohn@iheicclor

« Nic Lutsey, U.5. program co-lead (Washington DC),
nic@theicclor

«  Anup Bandivadekar, passenger vehicles program
lead (San Francisco), anup@theicclor
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